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(54) Gas turbine fuel heating apparatus 

(57) Object: To provide a gas turbine fuel heating 
apparatus in which an initial investment cost is made 
low and a contact of high temperature air and fuel at the 
time of fuel leakage is prevented so that safety is 
ensured. 

Construction: There are provided a turbine cooling 
air cooler 1 of air cooling type for cooling a turbine cool- 
ing air and a fuel heater 4 provided connectedly to the 
leaving side of a refrigerant air of said turbine cooling air 
cooler 1 of air cooling type for heating the fuel by said 
refrigerant air. Thereby, an initial investment cost is 
made low, and said turbine cooling air cooler 1 of air 
cooling type arid said fuel heater 4, respectively, is a 
separate unit so that a contact of high temperature air 
and fuel at the time of fuel leakage is prevented. 



Pig. 1 




CM 
< 



CO 

co 
h- 

o 

Q. 
LU 



Printed by Rank Xer<s (UK) Business Services 
2.13.8/3 4 



1 EP 0 737 804 A2 2 



Description 

BACKGROUND OF THE INVENTION: 

Field of the Invention: 

The present invention relates to a gas turbine fuel 
heating apparatus for heating gas turbine fuel by use of 
heat to be wasted. 

Description of the Prior Art: 

Generally in the prior art. in order to cool a rotor, 
moving and stationary blades etc. of gas turbine, a high 
pressure air in the turbine casing is extracted and 
cooled at a turbine cooling air cooler (herein referred to 
as TC A cooler) of air cooling type to be used as a cool- 
ing air. However, if a gas turbine is of a large size type, 
the heat to be wasted outside the system becomes a 
huge amount and the efficiency (fuel consumption) of 
gas turbine becomes worse. 

So, systems to enhance the efficiency (fuel con- 
sumption) by heating the gas turbine fuel by use of the 
heat to be wasted outside the system have been dis- 
closed. Figs. 3 to 5 show examples of such gas turbine 
fuel heating systems in the prior art. 

Shown in Fig. 3 is a system in which air of which 
temperature is elevated in compression stages of a gas 
turbine driven compressor is extracted and fuel is 
heated at a heater 21 by heat of the extracted air so that 
the heat of the extracted air to be wasted is made use of 
for heating the fuel. Said air is further cooled at a cooler 
22 by a cooling water to be used as a cooling air for a 
rotor, moving and stationary blades etc. 

Shown in Fig. 4 is a system in which fuel is heated 
by making heat exchange at a heat exchanger 26 
between a normal temperature fuel supplied with pres- 
sure from a fuel tank 23 to a combustor 24 and a high 
temperature cooling air extracted from a compressor 25 
so that the high temperature air is cooled to be used for 
cooling of a rotor, moving and stationary blades etc. 

Shown in Fig. 5 is a system to make use of heat to 
be wasted in which heat exchange is made at a cooler 

28 between a turbine cooling air 27 extracted from a 
compressor and a cooling medium (pressurized water) 

29 to heat the pressurized water 29 so that the gas tur- 
bine fuel is heated at a heater 30 by the pressurized 
water. 

In the gas turbine fuel heating systems in the prior 
art as described above, the system shown in Fig. 3 has 
such shortcomings that it. being of an indirect heating 
method using water, requires a separate heater 21 and 
cooler 22. which results in a high amount of initial invest- 
ment cost. 

The system shown in Fig. 4 is of a direct heating 
method using oil as fuel in which the fuel oil is heated by 
extracted air so that the extracted air is cooled by the 
fuel oil. 



And the system shown in Fig. 5. is of an indirect 
heating method in which pressurized water heated by 
extracted air heats fuel. This system has also shortcom- 
ings that it requires a separate cooler 28 and heater 30 

5 to result in a high amount of initial investment cost. 

Thus, as a whole, those shown in Figs. 3 and 5 
require a high initial investment cost and that shown tn 
Fig. 4 has a risk that fuel may leak due to aged deterio- 
ration of a heat exchanger and come to contact with a 

10 high temperature air. 

SUMMARY OF THE INVENTION: 

It is therefore an object of the present invention to 
is provide a gas turbine fuel heating apparatus to dissolve 
the above-mentioned shortcomings in the prior art. 

One feature of the gas turbine fuel heating appara- 
tus according to the present invention is that it com- 
prises a TCA cooler of air cooling type for cooling a 
20 turbine cooling air and a fuel heater provided connect- 
edly to the leaving side of a refrigerant air of said TCA 
cooler of air cooling type for heating the fuel by said 
refrigerant air. 

Another feature of the gas turbine fuel heating 
25 apparatus according to the present invention is that said 
TCA cooler of air cooling type comprises a plurality of 
motor driven fans to supply the refrigerant air. 

Further feature of the gas turbine fuel heating appa- 
ratus according to the present invention is that said fuel 
30 heater is constructed substantially in same size as said 
TCA cooler of air cooling type and is provided directly 
lappedly on said TCA cooler of air cooling type. 

Still further feature of the gas turbine fuel heating 
apparatus according to the present invention is that the 
35 turbine cooling air of said TCA cooler of air cooling type 
and the fuel of said fuel heater flow in opposite direc- 
tions each other in said TCA cooler of air cooling type 
and said fuel heater, respectively. 

Further feature of the gas turbine fuel heating appa- 
40 ratus according to the present invention is that heat 
exchanger tubes contained in said TCA cooler of air 
cooling type and said fuel heater, in which said turbine 
cooling air and said fuel flow, are finned tubes. 

Further feature of the gas turbine fuel heating appa- 
45 ratus according to the present invention is that the fuel 
heated by said fuel heater is gas or a liquid fuel like oil. 

According to the present invention, as the refriger- 
ant air is heated by cooling the turbine cooling air and 
the fuel is heated indirectly by the refrigerant air of the 
so outlet side of the TCA cooler, the apparatus has a long 
useful life. Further, as the TCA cooler and the fuel 
heater are provided separately each other, safety at the 
time of fuel leakage can be ensured. 

Further, not only gas but also a liquid fuel like oil 
55 can be used as a fuel, and even if the atmospheric air 
temperature changes, the apparatus is constructed so 
as to make the fan revolution changeable to maintain a 
uniform temperature of the refrigerant air leaving the 
TCA cooler and entering the fuel heater. 
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Furthermore, as cooling of the turbine cooling air 
and heating of the fuel are made at the TCA cooler and 
the fuel heater provided connectedly thereto, respec- 
tively, the initial investment cost can be lowered as com* 
pared with the indirect heating system using 5 
pressurized water. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In the accompanying drawings: w 

Fig. 1 is an explanatory drawing of an example of a 
preferred embodiment according to the present 
invention. 

Fig. 2 is a perspective view of said preferred is 
embodiment. 

Fig. 3 is a schematic drawing of an example of a 
gas turbine fuel heating apparatus in the prior art. 
Fig. 4 is a schematic drawing of another example of 
a gas turbine fuel heating apparatus in the prior art. 20 
Fig. 5 is a schematic drawing of a further example 
of a gas turbine fuel heating apparatus in the prior 
art. 

DESCRIPTION OF THE PREFERRED EMBODI- 25 
MENTS: 

One preferred embodiment according to the 
present invention is described with reference to Figs. 1 
and 2. As shown in Fig. 1 , a TCA cooler 1 comprises an 30 
outer shell 2, disposed on the upper part, containing a 
tube nest (not shown in the figure) through which a cool- 
ing air to cool a rotor, moving and stationary blades etc. 
of gas turbine flows and a plurality of motor driven fans 
3, disposed on the lower part to supply a refrigerant air 35 
(atmospheric air) to cool the tube nest. As said cooling 
air, a pressurized and temperature-risen air extracted 
from a compressor or a pressurized and temperature- 
risen air extracted from compression stages of a gas 
turbine driven compressor, etc. is used. 40 

On the upper side of the TCA cooler 1 which is the 
leaving side of the refrigerant air of the TCA cooler 1, a 
fuel heater 4 is provided connectedly so that an indirect 
heating construction is employed in which fuel is indi- 
rectly heated by the refrigerant air heated at the TCA 45 
cooler and leaving there. Within the fuel heater 4, a tube 
nest through which fuel gas or fuel oil flows is contained. 

Said fuel heater 4 and said TCA cooler 1 are con- 
structed substantially in same size, respectively, and 
are arranged so that the fuel heater 4 is directly lapped so 
on the TCA cooler 1 . On both sides of the TCA cooler 1 , 
an inlet side header 6a to introduce the cooling air and 
an outlet side header 6b are provided. And on one side 
of the fuel heater 4 where said header 6b is provided, an 
inlet side header 7a of fuel is provided, and on the other ss 
side of the fuel heater 4 where said header 6a is pro- 
vided, an outlet side header 7b ol fuel is provided. Thus, 
the cooling air and the fuel flows in the TCA cooler 1 and 
the fuel heater 4, respectively, in opposite directions 



each other as shown by the arrows A and B. Inciden- 
tally, numeral 8 in Fig. 2 designates a walkway for head- 
ers. 

For heat exchanger tubes of multitubular type to 
construct the tube nests contained in said TCA cooler 1 
and said fuel heater 4, finned tubes are used in order to 
enhance the heat exchange performance with the 
refrigerant air. 

In this preferred embodiment, the refrigerant air 
(atmospheric air) supplied by the fans 3 cools the cool- 
ing air flowing in the exchanger tubes of the tube nest of 
the TCA cooler 1 and is heated itself. Said cooling air so 
cooled is sent from the header 6b to the rotor, the mov- 
ing and stationary blades etc. of gas turbine and cools 
them. The air heated at the tube nest of the TCA cooler 
1 enters the tube nest of the fuel heater 4 on the upper 
side of the TCA cooler 1 and heats there the fuel flowing 
in the heat exchanger tubes of said tube nest and then 
the heated fuel is sent from the header 7b to a combus- 
tor of gas turbine. 

As described above, in this preferred embodiment, 
as the fuel is heated by the air which cools the cooling 
air and leaves the TCA cooler 1, the heat to be wasted 
outside the system can be effectively utilized, and as the 
fuel is indirectly heated by the heat of the cooling air. the 
useful life of the apparatus can be elongated. 

And, as the TCA cooler 1 and the fuel heater 4. 
respectively, is a separate unit, safety at the time of fuel 
leakage can be ensured. 

Further, not only gas but also a liquid fuel like oil 
can be used as a fuel, and even if the atmospheric air 
temperature changes, the revolution of the fans 3 is con- 
trolled and the temperature of the air leaving the TCA 
cooler 1 and entering the fuel heater 4 can be main- 
tained uniformly. 

Furthermore, in this preferred embodiment, cooling 
of the cooling air and heating of the fuel is done by the 
TCA cooler 1 and the fuel heater 4 provided connect- 
edly thereto, respectively, the initial investment cost can 
be lowered as compared with said indirect heating 
method using pressurized water in the prior art. 

In the gas turbine fuel heating apparatus according 
to the present invention, as the heat of the refrigerant air 
which cools the cooling air for cooling the rotor, the mov- 
ing and stationary blades etc. of gas turbine and leaves 
the TCA cooler is effectively made use of for heating the 
fuel at the fuel heater, the efficiency of gas turbine can 
be enhanced, and as the construction is simple in that 
the TCA cooler and the fuel heater are provided con- 
nectedly each other and the refrigerant air leaving the 
TCA cooler is passed through the fuel heater, the initial 
investment cost is low as compared with an indirect 
heating method using water in the prior art or an indirect 
heating method using pressurized water in the prior art. 
and further a risk of a fuel leaking and making contact 
with a high pressure air in an indirect heating method in 
the prior art can be avoided. 
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Accordingly, the present invention can contribute to 
enhancement of gas turbine efficiency and to enhance- 
ment of gas turbine reliability. 

While the preferred form of the present invention 
has been described, variations thereto will occur to s 
those skilled in the art within the scope of the present 
inventive concepts which are delineated by the following 
claims. 

Claims w 

1 . A gas turbine fuel heating apparatus characterized 
in comprising a turbine cooling air cooler (1) of air 
cooling type for cooling a turbine cooling air and a 
fuel heater (4) provided connectedly to the leaving is 
side of a refrigerant air of said turbine cooling air 
cooler (1) of air cooling type for heating the fuel by 
said refrigerant air. 

2. A gas turbine fuel heating apparatus as claimed in 20 
Claim 1 , characterized in that said turbine cooling 

air cooler (1) of air cooling type comprises a plural- 
ity of motor driven fans (3) to supply the refrigerant 

air. 

25 

3. A gas turbine fuel heating apparatus as claimed in 
Claim 1 or 2, characterized in that said fuel heater 
(4) is constructed substantially in same size as said 
turbine cooling air cooler (1) of air cooling type and 

is provided directly lappedly on said turbine cooling 30 
air cooler (1) of air cooling type. 

4. A gas turbine fuel heating apparatus as claimed in 
any one of Claims 1 to 3. characterized in that the 
turbine cooling air of said turbine coding air cooler 35 
( 1 ) of air cooling type and the fuel of said fuel heater 

(4) flow in opposite directions each other in said tur- 
bine cooling air cooler (1) of air cooling type and 
said fuel heater (4), respectively 

40 

5. A gas turbine fuel heating apparatus as claimed in 
any one of Claims 1 to 4. characterized in that heat 
exchanger tubes contained in said turbine cooling 
air cooler (1 ) of air cooling type and said fuel heater 
(4). in which said turbine cooling air and said fuel 45 
flow, are finned tubes. 

6. A gas turbine fuel heating apparatus as claimed in 
any one of Claims 1 to 5, characterized in that the 
fuel heated by said fuel heater (4) is gas or a liquid so 
fuel tike oil. 
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Fig. 3 
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Fig. 5 
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(54) Gas turbine fuel heating apparatus 

(57) Object: To provide a gas turbine fuel heating 
apparatus in which an initial investment cost is made 
low and a contact of high temperature air and fuel at the 
time of fuel leakage is prevented so that safety is 
ensured. 

Construction: There are provided a turbine cooling 
air cooler 1 of air cooling type for cooling a turbine cool- 
ing air and a fuel heater 4 provided connectedly to the 
leaving side of a refrigerant air of said turbine cooling air 
cooler 1 of air cooling type for heating the fuel by said 
refrigerant air. Thereby, an initial investment cost is 
made low, and said turbine cooling air cooler 1 of air 
cooling type and said fuel heater 4, respectively, is a 
separate unit so that a contact of high temperature air 
and fuel at the time of fuel leakage is prevented. 
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